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1 INTRODUCTION

The Pedestrian Test Protocol requires that the vehicle manufacturer provides Euro NCAP with
detailed information relevant to the deploymenttef active pedestrian protection system, if
available. Based on the evidence provided by the vehicle manufacheaeBecretariat will
decidewhetherthe vehicle qualifies fasubsystem testing either the deployed or undeployed
position or if dynamic tests are required.

A combination of physical testing and numerical Human Body Model (HBM) simulaBons
required to demonstrate the suitability of the sensing system for the range of pedestrian sizes
the timing of system deployment; and the bonnet deflection due to body loading.

To date suitable and accepted HBMs for this purpose have been listed in TB@h3.2018

onwards, only CAE simulation resultgenerated with HBMs that meet the certification
requirements laid down in this documentll be accepted by Euro NCAP. HBM compliance

must be demonstrated by the vehicle manufactiwrerccordance with the procedurethis

document | f HBM compliance <canot be demonstrat e
undeployed.

Throughout this document, the following definitions are used:

1 A Human Body Model (HBM) is understood as a virtual geometric and mechanical
representation of the human body. The geometry of the model should result in
dimensions, masses and moments of inertia per body parts in agreement with standard
anthropometry databaséshas to consider the complex human anatomy and consist of
a full skeleton composed of all bones (except for the feet, hands, face and ear where
simplifications are allowed) and soft tissue. All the bones should be articulated in a
realistic manneenabing a biofidelic range of motion for all joints.

1 More simplified human models, referred to as humanoid models, may lack detail to
improve calculation time and are not consisting of a full skeleton and use simplified
modelling approaches. In all parts dfet protocol without special specification for
humanoid models, a consistent procedure as for HBMs should be applied for humanoid
models.

1 Certification simulations: A computer simulation providing evidence that the specific
human body model is comparablé&mwother models and shows consistent resuits
particular referring to body kinematics and Head Impact Time.

1 Active bonnetsimulation: A computer simulation for the assessment of deployable
systemsasspecified in the Euro NCAP Pedestrian Testing Ralto

1 Generic Vehicle (GV) Models are generic replications of current car fronts and are
provided in all FE codes. The car fronts were developed for kinematic comparisons only
and should not be used for evaluations of injury metrics as they do not médi-the
R127.

1TB013 is now obsolete and all models previously accepted will need to be certified if tisedditure.
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1.1 General Requirements

1 Thepedestriathumanmodelthat is certified is the exact same model used for &otle
bonnetsimulations. This applies to:

1 Version of the human body model;
1 NodePosition of every single node of the human bouydel;
1 |If applicable:
0 identical initial element stresses/strains;
o identical initial contact penetrations/contact forces;
1 Identicalmaterial cards (including fracture mode), contact cards, control cards and
constraints.
1 Thetime step used for simulations

91 Furthermore, ti is important that la simulations (certification andactive bonngt are
performed withconsistent settingd his applies to:

SolverVersion;

SolverPlatform (SMP, MPP);

SolverPrecision (Single, Double Precision);

Number of CPUs/ nodes used (on cluster/computer);

Time-step settings (relating to initial and dynamic mass scaling);
Contact settings (between Human Bodgdél and Vehicle);
Control settings which are affecting the pedestrian model.

E B

Ideally, HBM certification andactive bonnesimulatiors shall be performed on the same
computer system angith the same number @PUs. If the cluster architecture does not
allow simulationgo be performeadvith either aconsistent number of CPUs or on the same
platform, evidence must be provideghowing that the results are reproducible and
comparable. Thisnustbe done by providing results of the FCR and SUV lcask at 40
kph using varying CPU numbers and platferm

1.2 Output requirements

HBM certification dataandactive bonnet simulation data tobe submitted in thprescribed

format The complete output dossier mustseatto the Euro NCAP Secretariat at tharliest
possible moment. Fully completed Excel templates must be submitted using the latest versions
of the documents provided by Euro NCAFurthermorevideos of the animated results have

to be provided for each loadca3ée Secretariat reserves the right to reject data that are not
provided in the correct format, goeovidedincomplete or not on time.

The following files are requested for each cexdifion:

V Excel File with impactor simulation results
1. GV_Check.xlsx

V Excel File specifying the applied models and environment:
2. Documentation.xIsx

V Excel Files with HBMGYV simulation results:

3. FCR_AM50.xIsx
4. FCR_6yo.xlsx

2 Excel and PowerPoint templates can be downloadgghrt of the certification pack via the download link
available fromhttps://www.euroncap.com/en/f@nginees/supportineinformation/
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5. MPV_AMS50.xlsx
6. MPV_6yo.xlsx
7. RDS_AMS50.xIsx
8. RDS_6yo.xIsx
9. SUV_AM50.xlIsx
10.SUV_6yo.xIsx

All requested data should be filladto the yellow fields in the templates
provided theymust not be renamed). Do notforget to include the total mass
of your setup and to check if automatic H detection waBcainbe.

V 24 Videos of the animated simulation results should be submitted (from t=0 to H)
including timestamgor each submitted simulatiqigideview) The videos should
be named according to thmdcase and should be named according to cell C1 in the
respective excel sheet where the data was filled in (e.g. FCR_50kph_AMS50)

The following files are requested for each active bonnet simulation (i.e. simulation with the
vehicle that is rated):

VFilled in excel file based xlnsxicTempl at e_

V Videos of animated results (sieew, where head impact is clearly visibl&jles
should be named according to cell D2 in the excel file of the corresponding loadcase.

The certification pack containing all relevant files can be downloadedtfreriollowing link:
https://cloud.tugraz.at/index.php/s/ehzfzo3CloZLyOc
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2 BACKGROUND

The Pedestrian HBM certification procedure was developed within the CoHerent project
(Methodology fo Comparison of Human Body Models for pedestrian simulations) at Graz
University of TechnologyKlug et al. 2017 Klug et al. 201® The certification procedure
should ensure that human body models have comparable and reproducible Fesuhss
reason, the procedure is aimed to be:

1 Independent of FE solver used (procedure applicable in all defined FE codes);
1 Independent ofiuman body model (reference points applicable for all HBM);

1 Reproducible (accurately defined boundary conditions);

1 In accordance with boundary conditions of Pedestrian Test Protocol;

In the HBM certification procedure, the kinematics of one model is cadpagainst the
response of known consistent stafghe-art models in pedestrian impacts against generic
vehicle models at speeds ranging from 30 t&f#. To that extent, four generic vehicle models
are prescribed, representing the following categories:

1 Family Cars (FC)

1 Multi-Purpose Vehicles and Superminis (MPV)
1 Roadsters (RDS)

1 Sports Utility Vehicles (SUV)

The vehicle models provide a representative andlowgate vehicle shape for the selected
vehicle categories, median structural response upon tpadesnpact in terms of foree
deflection characteristics and are modelled to be robust and transferable to all considered
explicit FE codes considered. The generic vehicle models required to certify the human body
models are offered in the four most relat explicit FE solvers on the market

1 LS-Dyna by LSTC;

1 VSPby ESI;

1 Radioss by Altair;

1 Abaqus by Dassault.

The detailed modelling approach to the development of the generic vehicle models is
summarised in Annex D.

3The procedure provides detailed guidelines for each of these four codes. If a vehicle manufacturer opts for another
FE code, evidence needs to be provided, that modelling is consistent with the modelling guidelines outlged in t
document. Available models can be downloaded from the website.
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3 PEDESTRIAN HBM CERTIFICATION PROCEDUR E

3.1 Generic VehicleRobustness Check

To avoid any issues with upcoming @utdatedsolver versions, the generic vehicle models
have to be checkedhead ofthe HBM certification simulations. Therefore, 4 impactor
simulations with the provided simulation setumave to be performext the vehicle centreline
(ID1,3,5and 7)

A rigid cylindrical impactor with a total mass of 5.95 kg should be propelled against the generic
vehicle front at four different specified impact locations. Force (calculated frormtrecior
acceleration) and displacements of the impactor simulations have to be provided and compared
to the reference responses of the respective code (see Annexe2timehicle geometry

using the provided template.

The history (resultardeflection and resultant acceleration) of the node withQ@00 should

be used. The full simulation setup for the impactor simulations including the specification of
the impact points is available in H3yna, VPS, Abaqus and Radioss on the Euro NCAP
webste. The latest release of this setup should be aisédhe elease datehouldbe provided
within the documentation template.

If any issues with the GV models are identified, they should be reported to the responsible code
housefirst, before contactinguro NCAP.

3.2 Certification Simulations

3.2.1 HBM Pre-processing

Shoes

The HBM shall be fitted a pair of shoesith a sole thickness (at the heels) between 20 and
30mm at the heel. The pair of shoes can consist of a sole only. In the latter case, the sole has
to be tiedi without failurei to the foot. The pair or shoésr the mid-sized malgyedestrian

shall not weight more than 1.396

Output Parameters

TheH BM mustb e equi pped with Asensorso and other
the trajectories of selected body parts. The centre specifies the cealtnecafes; i.e. the node

with averaged coordinates. The Asensorso hav
B and constrained to the surrounding structures such that the movement of the surrounding
nodes is averaged and applied to the sensde. The corresponding keywords are also
specified in Annex B.

Positioning

The car manufacture has the freedom to choose a positioning tool. Positioning can be achieved
through presimulation (pulling/pushing the limbs to the desired position) of re
meding/morphing.Thetarget posturef the AM 50 model arespecified withinTable1. The

joint angles of the legs are based on SAE J2782 and the arorgpsbased on a natural
posturé.

4 A pair of shoes used with the 58111l dummy weights 1.30@.
5 Referring to 50% Position described in Untaroiu et al. (2009) (based on Perry (1992)).
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Table 1

Initial Posture AM 50

Abbrev. | Measure Ref. Tolerance Angle Definition
Value (+/-)
Px Heel to h_eel_dlstance 310 mm 5.0% .
Longitudinal \
P Heel to heel dist laterg 1 15.0% <§
y eel to heel distance laterg 185 mm 5.0% A ‘S
ACZS Height of AC relative to the 949mm 1206 ) v
ground level
K Right Upper Leg Angle 89° 30
(around Y wr.t. horizontal) FTT HOx
Left Upper Leg Angle Hez \
L (around Y wr.t. the 106° 5°
horizontal)
: : Ac Q
G Right Knee flexion Angle 164° 30 2
)
H Left Kneeflexion Angle (Y) 175° 5°
Right Upper Arm Angle (Y . . v v [
Ty w.r.t. horizontal) 98 3 X
Left Upper Arm Angle (Y o
Uy w.r.t. horizontal) [ 3 z
Right Upper Arm Angle (X o .
T w.r.t. horizontal) 100 10
Left Upper Arm Angle (X o SCr o SCI
Ux w.r.t. horizontal) 100 1o X N
V Right Elbow flexion Angle 140° 5° HMr b HMI
W Left EIbow flexion Angle 160° 10°
Left
HCx x-Position CX(I;C relative to 44 mm 15mm y
HCZ Height of HC relative to the 1686mm 0.8% .
ground level

The angles should be measured using the reference axis as defined in Annex A. A reference
skeleton is available within the certification pack on the Euro NCAP website and should be
used for qualitative comparison of the initial position of the AM 50 mo#lescreenshot
showing an overlay of the HBM and the reference skeleton should be added in the
documentation of the HBM shared with Euro NCAP. The reference point AC should be aligned
between the actual model and the reference skeleton. The initial pokthesother sizes of

the pedestrian models should be in line with the AM 50 model (in terms of orientation of the
body parts). The reference measures for the other sizes of models are lstbidkh

6 The tolerance for ACz was adjusted to be aligned with the updated corridors at-@6(2881)
" The tolerance HCz was adjusted to be aligned with the updatedorsraittO (1673699mm)
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Note Results of a sensitivity study (Klug et al. 2017) indicate that the arm posture has
remarkable influence on Head Impact Time. The best correlation between two models was
achieved when models wearesitioned as close as possible. Therefore, the posture of the HBM
should match the target posture as close as possible.

Table 2
Reference Posture of other pedestrian sizes

Reference | Tolerance | Reference | Reference | Tolerance
Abbrev. Unit
6YO" 6Y0 AF05 Amgs | ArO0 &
Px mm 199 5.0% 243 340 5.0%
Py mm 152 15.0% 164 265 15.0%
ACz mm 632 1.3% 831 1043 2.0%
K ° 89° 3° 89° 89° 3°
L ° 106° 5° 106° 106° 5°
G ° 164° 3° 164° 164° 3°
H ° 175° 5° 175° 175° 5°
Ty ° 98° 3° 98° 98° 3°
Uy ° 70° 3° 70° 70° 3°
Tx ° 100° 10° 100° 100° 10°
Ux ° 100° 10° 100° 100° 10°
V ° 140° 5° 140° 140° 5°
w ° 160° 10° 160° 160° 10°
HCx mm 6.5 15mm 27 16 15mm
HCz mm 1117.5 0.99%4° 1468 1836 1.0%
Total weight kg 22.8 1

The right side of the HBM is defined as the struck side. Tdieertion is defined as the vertical

axis, positive in inferior direction. The local HBMaxis is the frontal axis, facing anterior. The

angle of the shoes is not givenragerence measure as the sensitivity study did not show a
significant influence on the kinematics. Anyway, the initial posture should aim for a natural
walking posture. The shoe sole angle can be varied to get as close as possible to the target height
of AC (Both shoe soles should ideally contact the grdumdf ACz canodt be ac
ground contact, a-affset of the model is permitted).

None of the limbs, i.e. arms/legs shall be artificially connected, tied or constrained to each other
(e.g. wristsied)*? The HBM should be exposed to a vertical acceleration field constituting the
gravitational loading, both, in certification and assessment simulation.

81t is planned that the reference values for ACz and HCz will be adjust2d23for the 6yo and the tolerance

for ACz will be narrowed down to 1%.

® The tolerance for ACz was adjusted to be aligned with the updated csraicktrand the reference models.

10 The tolerance for HCz was adjusted to be aligned with the updated corridors at t0 and the reference models.
L Will be set tol.5% from2023onwards The reference mass is based on the average of male and female 6yo
children as reported in CDC,20bgps://www.cdc.gov/nchs/data/series/sr_11/srl11 252.pdf

2 Most of thePMHS tests were conducted with tied wristgjain better reproducibilityBut in reaworld crashes

the arms will be unconstrainggrhich is why it was chosen to prescribe a more realistic arm paosition.
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Note: A sensitivity study showed reeglectabledifference in terms of kinematics when -pre
simulations were carried out until the ground contact force was equal to the HBM weight force.
Therefore, presimulations are not obligatory, but allowed.

3.2.2 Impact Simulations

In total twelve simulations should lsarried out. The HBM must be impacted by all provided
vehicles at three different impact velocities K, 40kph and 5&kph). The simulation time

must be higher than the expected Head Impact Time. The HBM should be positioned as close
to the vehicle apossible (check initial penetrations especially for SUV).

A segmertbased contact should be defined between the vehicle and the outer surface of the
HBM. The static and dynamic coefficient of friction between the car and the'B&iduld be
setto 0.3.

The Head COG of the HBM must be positioned in line with the vehicle centreline (y=0 in the
global coordinate system).

The mass scaling and timestep settings should be chosen such that they can be also used for the
assessment simulations. The process doivohg the timestep is shown Figurel.

Procedure (within one solver version at one platform witnsistent control settingk

Min. timestepfor HBM vs. full FE vs. Simulation
(used for all steps in the procedure)

Use same time step Timestepfrom HBM {ime step Timestepfrom full FE
for impactor and HBM simulatiorgs required for reliableHBM) vehilce
Check GV response! [ I
A4 v
1.) Check Generic Vehicle Models 2.) Certification of HBM 3.) Assessment of Deployable
System

Impactor vs. GV Models HBM vs. GV Models HBM vs. full FE vehicle model

Figure 1: Process for defining timestep settings

Note: The activation of fractte mode led to marginal changes of the monitored results.
Therefore, it is open to the user to use HBMs with or without element elimination, as long as
they show consistent results andmunerical instabilities. Howevethe same settings have
to be applked for all stepslf fracture mode is activated, it should be checked if fracture
locations are plausible.

B A sensitivity study (Klug et al. (2017)) showed that the coefficient of friction between HBM and car has a
remarkable effect on trajeories and Head Impact Time and was therefore set to 0.3 which is accordance with
several studies (e.g. Crocetta et al. (2015), Mizuno and Ishikawa (2001); Simms and Wood (2006)).
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3.2.3 Postprocessing
The following output isequired

x and z coordinate history of tracking points in the global coordinate system

x displacement of vehicle COG in the global coordinate system

Resultant and z acceleration of HC

Contact forces (total contact force between vehicle and HBM and contact force per
interface layer and body part as specified in the template)

Hourglass, comict and internal energies

Animations

= =4 =4 -4

= =4

The time interval between the outputs has to ber3 for all output&xcept animations where
1 ms is sufficientNo filtering needs to bapplied. The output curvetiouldbe included in the

postprocessing template for the respective vehicle categbigese2 shows the functionality

of the postprocessing template.

3.2.4 Quality Checks
All checks and quality critertadefined within the postprocessing templatastbe met

FE surfaces getting in contact do not cross each.other

Surfaces getting in contact do not get trapped one in the other (no sticky. nodes)
Contact fore (between HBM and vehicle) is zero at simulation start

Total energy remains constant within a 15% tolerance

Hourglass energ®10% of the total energy

Contact energy at the simulation sat% of the total energy

Artificial energy (contact energy drhourglass energy)Ll5% of the total energy
Artificial mass increas@®3%.

=4 =8 -8 -4_-45_-95_-°9_-°5

14 Quality criteria were chosen based on the recommendations from the IlR\fiidect (FP72007 SSTI
218688- D4.3).
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Input Channel Output Channel
(Columns in excel) (Columns in excel)

HBM¢q GV

ContactForce Output
Message
Input Value Output Value
(Cell) (Cell)
Offsettedtime Final HIT
Foreachlinenl l
yes yes Transformed
Trajectoriesx,z) ——— — —> — trajectories
(GH)
A
Jv [
#NV #NV i
GV xcooridnate — > GV xdispl(nxgy) ———

Figure 2: Flowchart of postprocessing template

3.2.5 Calculation of Head Impact Time

The Head Impact TiméH|T) is defined as the time from the first increase of the bucgeact
force (C) until the first increase of the contact force between head and generic viehitike (
shown inFigure3. Figure4 describes the process of derividgr .

H is defined as the time where tt@ntact force starts to increase (first time where contact force

is not zero anymore) and automatically derived in the provided template. If this is not clearly
identifiable, the resultant and z acceleration of the head COG should be used additionally. If
the upper extremitiesre stuck between the head and the vehicle and avoid that the head is
contacting the vehicle, the contact between head and upper extremities should be disabled to
enable a clear determination of H. The respective simulations hagedoin with the disabled
contact. For the determination Gf a first contact between upper extremities and bumper
should be ignored.

Determination of C Determination of H

m
a

=

Head COG acceleration
— — Contact Force Head - Vehicle

Contact Force HBM - Bumper
— — Contact Force Right Leg - Vehicle

x}

s
=5

S
w
=}

60 80 100 120 140 160 1
Time

o
15}
Contact Force [kMN]

@

Contact Force [ldN]

.
=l

o @
—
-
=
s
Acceleration [mm/ms"2]
C - MW e @ @ w @ ©

=)

o

20 40 B0 80 100 120 140 160 180 20 40
Time [ms]

Figure 3: Example for calculation of HIT=H-C
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Input Channel Output Channel
I T I | t- (Columns in excel) (Columns in excel)
HIT calculation
Message
Input Value Output Value
(Cell) (Cell)

Time channel — — Offsettedtime

twhen >0
HBM- bumper Y, ¢ > ——  HIT auto ——>  FinalHIT
Contact Force

T yes

twhen >0 Automatic Manual

Cgﬁgcct S;/rce derived —> E evaluation —»
H_auto no necessary
Resultant Head t of mavx heachcc=t_acc T no
acc Manual
B yes evaluation

based on head
accnecessary

Figure 4: Flowchart describing determination of HIT

3.2.6 Calculation of Trajectories

Trajectories of HC, T12 and AC should be provided and compared with the corNadoles.
histories are trimmed fronC to H automatically in the postprocessing template. The x
displacement of the vehicle COG is subtracted from the x coordinate of every tracking point to
get the transformed x coordinate. The z coordinate is plotted over the transformed x coordinate.

3.2.7 Evaluation of Contact Forces

The total contact force between vehicle and HBM should be compared with the provided
corridors. Furthermore, all contact forces specified in the postprocessing templates have to be
provided. The time of the contact curwvesstbe offsetwith C (Note: explained within section

3.2.5 so that they start at the first increase of bumper contact force. This is done automatically
within the excel templateé first contact between vehicle and upper extremities of the HBM is
disregarded. Thereferthe contact forces between bumper and lower extremities and terso a
requested in the template. Contact forces are monitored only.

3.3 Corridors for AM 50 PedestrianSize

Trajectories should be compared with the proposed corridors for all 12 simulations. Contact
forces will be monitored only. The difference to the reference HIT and the derived HIT has to
bewithin the defined reference valdes

15 Reference values are based on the mean valiestéandard deviations from the 13 reference simulations
selected within the CoHerent Phase 4 project.

TB 0241351



Thegraphs on the lefbp show the corridors for the resultant contact forces between pedestrian
model and GV, which are monitored only. Td#her graphshow the corridors for HC, T12
and AC, whichshouldbe met'®

Note The reference HIT values and corridors were derived from consistent simulations|with
pedestrian models which were listed in TB013 y2(.6)in all four codesThe procedure
with which the corridors were derived is described in Klug et al. (2019)

8 Thecorridorsrepresent thenean value +/2 standard deations from the 13 reference simulations
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3.3.1 Corridors for Family Car

Figures %-c show the corridors for the impact with the generic Fagalymodel at 30, 40
and 50 kphrespectively
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3.3.2 Corridors for MPV

Figures6a-c show the corridors for the impact with the generic MPV model at 30, 40 and 50
kphrespectively
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3.3.3 Corridors for Roadster

Figures7ac show the corridors for the impact with the generic roadster model at 30, 40 and
50 kphrespectively
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Figure 7a: RDS, 30 kphi Reference HIT =163.5186.8ms
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